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Synopsis 
Beginning with the ‘frog-leg experiment’ by Galvani (1786), followed by the 
demonstrations of Volta pile by Volta (1792) and lead-acid accumulator by Planté 
(1859), several battery chemistries have been developed and realized commercially. The 
development of lithium-ion rechargeable battery in the early 1990s is a breakthrough in 
the science and technology of batteries. Subsequent to commercialization of Li-ion 
batteries, a number of research activities concerning various aspects of the battery 
components began in several laboratories across the globe. Initially, energy density of 
commercial Li-ion battery was only about 120 Wh kg-1. However, with continuing 
improvements in various cell components, present day Li-ion batteries provide energy 
density of about 200 Wh kg-1. The current R & D efforts are focused on further 
increasing the specific energy of lithium-ion batteries in conjunction with fast charging, 
safety, environmental compatibility and cost effectiveness.  
 Regarding the positive electrode materials, research priorities have been to 
develop different kinds of active materials concerning various aspects such as safety, 
high capacity, low cost, high stability with long cycle-life, fast charging, environmental 
compatibility, etc. Use of nanosized materials is anticipated to improve the performance 
of the cell. However, nanoparticles of Li-ion electrode materials are reactive with the 
electrolyte. Hence sub-micrometer sized, porous particles are expected to improve the 
electrochemical performance. Studies on several sub-micrometer sizes, porous positive 
electrode materials are described in the thesis. 
 A comprehensive review of literature on electrode materials for lithium-ion 
batteries is provided in Chapter 1 of the thesis. Chapter 2 furnishes the experimental 
procedures and methodologies used for the studies. Chapters 3-5 of the thesis comprise 
studies on LiNi1/3Co1/3Mn1/3O2, LiMn2O4 and LiFePO4 in a non-aqueous electrolyte. 
Chapter 6 deals with the electrochemical characterization of LiMn2O4 in aqueous 
electrolyte and the evaluation of kinetic parameter by electrochemical impedance 
spectroscopy.  
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 Chapter 3 deals with the studies on porous, sub-micrometer size 
LiNi1/3Co1/3Mn1/3O2 as a positive electrode material for Li-ion cells synthesized by 
inverse microemulsion route and polymer template route. A layer of carbon coating on 
the particles improves the electrode performance, which is attributed to an increase of 
grain connectivity and also to the protection of metal oxide from chemical reaction. The 
present work involves in-situ synthesis of carbon-coated sub-micron size particles of 
LiNi1/3Co1/3Mn1/3O2 in an inverse microemulsion medium in presence of glucose. The 
precursor obtained from the reaction is heated in air at 900°C for 6 h to get crystalline 
LiNi1/3Co1/3Mn1/3O2 (Fig. 1). The carbon coating is found to impart porosity as well as  
 
 
 
 
 
 
 
 
Figure 1. TEM image of carbon-coated LiNi1/3Co1/3Mn1/3O2 particle. 
 
higher surface area in relation to bare samples of the compound. The electrochemical 
characterization studies show that carbon-coated LiNi1/3Co1/3Mn1/3O2 samples exhibit 
improved rate capability and cycling performance. The carbon coatings are shown to 
suppress the capacity fade, which is normally observed for the bare compound. 
Impedance spectroscopy data provide an additional evidence for the beneficial effect of 
carbon coating on LiNi1/3Co1/3Mn1/3O2 particles. Furthermore, it is anticipated that porous 
LiNi1/3Co1/3Mn1/3O2 could be useful for high rates of charge-discharge cycling. Synthesis 
of sub-micrometer size, porous particles of LiNi1/3Co1/3Mn1/3O2 using a triblock 
copolymer as a soft template is carried out. The precursor obtained from the reaction is 
heated at different temperatures between 600 and 900°C for 6 h to get the final product 
samples. The compound is found to attain increased crystallinity with an increase in 
Carbon-coated LiNi1/3Co1/3Mn1/3O2 
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temperature of preparation. However, there is a decrease in surface area and also in 
porosity of the sample. Nevertheless, the LiNi1/3Co1/3Mn1/3O2 sample prepared at 900°C 
exhibits a high rate capability and stable capacity retention on cycling. The 
electrochemical performance of LiNi1/3Co1/3Mn1/3O2 prepared in the absence of the 
polymer template is inferior to that of the sample prepared in the presence of the polymer 
template (Fig. 2).  
 
 
 
 
 
 
 
 
Figure 2. Rate capability of LiNi1/3Co1/3Mn1/3O2 electrodes prepared by polymer template 
route at 900°C (i), microemulsion cabon-coated electrode (ii) and microemulsion without 
P123 and glucose (iii). The cycling rates for (ii) and (iii) are provided at the bottom and 
for (i) are provided at the top the curves (area: 1 cm2; mass: 3.4 – 6.0 mg). 
 
 Chapter 4 involves the synthesis of sub-micrometer size particles of LiMn2O4 in 
quaternary microemulsion medium. The precursor obtained from the reaction is heated at 
different temperatures in the range from 500 to 900°C. The samples heated at 800 and 
900°C are found to possess pure spinel phase with particle size less than 200 nm, as 
evidenced from XRD, SEM and TEM studies. The electrochemical characterization 
studies provide discharge capacity values of about 100 mAh g-1 at C/5 rate and there is a 
moderate decrease in capacity by increasing the rate of charge-discharge cycling. Studies 
also include charge–discharge cycling as well as ac impedance studies in temperature 
range from -10 to 40°C. Impedance data are analyzed with the help of an equivalent 
circuit and a non-linear least squares fitting program. From the temperature dependence 
of charge-transfer resistance, a value of 0.62 eV is obtained for the activation energy of 
Mn3+/Mn4+ redox process, which accompanies intercalation/deintercalation of Li+-ion in 
LiMn2O4. 
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 Chapter 5 reports the synthesis of nano-plate LiFePO4 by polyol route starting 
from two reactants, namely, FePO4.2H2O and LiOH.2H2O. The crystalline compound 
formed by refluxing a solution of tetraethylene glycol consisting of FePO4.2H2O and 
LiOH.2H2O at 335°C, without further heating of the reaction product. The nano-plates 
have average dimensions of 30 nm width and 160 nm length as measured from TEM 
micrographs. The surface area of the LiFePO4 sample is 38 m2 g-1. Also, the sample is 
porous with a broadly distributed pore around 50 nm. The electrodes fabricated out of 
nano-plate of LiFePO4 exhibit a high electrochemical activity. Discharge capacity values 
measured are 160 and 100 mAh g-1 at 0.15 C and 3.45 C, respectively. A stable capacity 
of about 155 mAh g-1 is measured at 0.2 C over 50 charge-discharge cycles. It is 
anticipated that material with secondary pores can enhance the rate performance. 
Additionally, mesoporous intercalation compounds consisting of two kinds of pores 
represent a potentially attractive material for high rate cathodes. Mesoporous LiFePO4/C 
composite with two sizes of pores is prepared for the first time via solution-based 
polymer template technique. The precursor of LiFePO4/C composite is heated at different 
temperatures in the range from 600 to 800°C to study the effect of crystallinity, porosity 
and morphology on the electrochemical performance. The compound is found to attain 
reduction in surface area, carbon content and porosity on increasing temperature. 
Nonetheless, the compound obtained at 700°C exhibits a high rate capability and stable 
capacity retention on cycling with pore size distribution around 4 and 46 nm (Fig. 3). 
 
 
 
 
 
 
 
 
 
Figure 3. Rate capability studies on hierarchically porous LiFePO4/C composite prepared 
at different temperatures. 
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 In Chapter 6, the electrochemical characterization of LiMn2O4 in an aqueous 
solution of 5 M LiNO3 is reported. In cyclic voltammetry, LiMn2O4 electrodes exhibit 
two pairs of reversible redox peaks and accordingly separate potential plateaus are 
observed during charge-discharge cycling. Electrochemical impedance data measured at 
various temperatures and various state-of-charge (SOC) values are analyzed to calculate 
exchange current, activation energy and transfer coefficient for Mn3+/Mn4+ redox process 
in LiMn2O4, which accompanies intercalation/deintercalation of Li+-ions. Impedance data 
are subjected to non-linear least squares fit procedure using an appropriate electrical 
equivalent circuit and charge-transfer resistance (Rct) of the redox process is evaluated. 
The kinetic parameters of the process are calculated from variations of Rct with 
temperature and SOC of LiMn2O4 electrode in 5 M LiNO3 aqueous electrolyte. A typical 
cell employing LiMn2O4 as the positive electrode and V2O5 as the negative electrode was 
assembled and characterized by charge-discharge cycling in 5 M LiNO3 aqueous 
electrolyte. Furthermore, it is shown that Li+-ion in LiMn2O4 can be replaced by other 
divalent ions resulting in the formation of MMn2O4 (M = Ca, Mg, Ba and Sr) in aqueous 
M(NO3)2 electrolytes by subjecting LiMn2O4 electrodes to cyclic voltammetry (Fig. 4). 
The additional electronic charge due to insertion of the divalent cation is compensated  
 
 
 
 
 
 
 
 
 
            Figure 4. Cyclic voltammograms of LiMn2O4 in 1 M Mg(NO3)2 electrolyte. 
 
by a decrease in the average oxidation state of Mn from 3.5 in LiMn2O4 to 3.0 in 
MMn2O4. Cyclic voltammetry and chronopotentiometry studies suggest that MMn2O4 
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can undergo reversible redox reaction by intercalation/deintercalation of M2+-ions in 
aqueous M(NO3)2 electrolytes. 
 
 The work presented in this thesis is carried out by the candidate as a part of Ph.D. 
training program and most of the results have been published in the literature. A list of 
publications of the candidate is enclosed. It is hoped that the studies reported here will 
constitute a worthwhile contribution. 
 
